Bacillary angiomatosis and the related disorders of bacillary peliosis hepatis and bacillary splenitis are manifestations of infection with Bartonella henselae and Bartonella quintana in immunocompromised persons. B. henselae infection, but not B. quintana infection, is linked to contact with cats and is presumed to cause visceral cat-scratch disease. We report a case of visceral infection by B.
Granulomatous Hepatitis and Necrotizing Splenitis Due to
henselae in an adult patient with cancer who was receiving chemotherapy and had had no contact with a cat or dog. The patient-whose illness was eventually diagnosed on the basis of findings of histologic, polymerase chain reaction, and serological studies-was treated with doxycycline and rifampin, and the infection resolved. In addition, 41 cases of documented or suspected bartonella infection of the liver, spleen, or both in immunocompetent or immunocompromised hosts are reviewed.
Bartonella (formerly Rochalimaea [1] ) infection often appears as skin lesions known as bacillary angiomatosis (BA) but may affect the liver (bacillary peliosis hepatis; BP) and spleen (bacillary splenitis) in both immunocompromised and immunocompetent hosts [2] . Two bacterial agents have been cultured directly from specimens of BA lesions: Bartonella henselae and Bartonella quintana [3] . The occurrence ofbartonella infection during chemotherapy for cancer was first reported in 1992; in that pediatric case and in two subsequent cases involving adults, the vascular proliferative manifestation of bartonella infection was described [4] [5] [6] . This report details an adult patient receiving chemotherapy for cancer in whom granulomatous visceral disease due to B. henselae developed; we also review hepatosplenic manifestations of bartonella infection.
Case Report
A 54-year-old woman was admitted to the surgical service of Kaiser Permanente Medical Center (Martinez, CA) in September 1992 after an annual mammogram showed a mass (10 X 4 mm) in the left breast. Excisional biopsy revealed a moderately well-differentiated infiltrating ductal carcinoma. The patient received three courses of chemotherapy with cy-toxan, adriamycin, and 5-fluorouracil sequentially with radiation therapy for 6 weeks and then a second cycle of three planned courses of chemotherapy; each course of chemotherapy was 28 days.
The patient was again admitted to the hospital in March 1993 because of fever that developed 4 weeks after the fifth course of chemotherapy. Her temperature rose to 105.1OF (40.6°C) and remained at this level for several days. She had never received a blood transfusion and did not consent to HIV antibody testing.
The patient was treated empirically with ceftriaxone and gentamicin. Skin tests for tuberculosis and coccidioidomycosis were negative, as were five blood cultures. The average complete leukocyte count was 5,000/mm 3 (5 X 10 9 /1), with 70%-80% polymorphonuclear cells. A gallium scan 10 days after admission showed increased uptake in the spleen. A CT. scan done on day 14 showed multiple hypodense lesions in the spleen and a few similar lesions in the liver (figure 1). A bone marrow biopsy showed only hypocellularity.
The patient had been raised in Louisiana and recalled drinking fresh milk from cows there. She had traveled extensively throughout the world but had not traveled recently and had never visited South America or the Andes Mountains. She disliked cats and denied any recent contact with a cat or dog but visited people with pets and could have been bitten by fleas.
Disseminated Mycobacterium tuberculosis infection was considered the most likely diagnosis, and brucellosis was considered less likely. The antibiotics prescribed earlier were withdrawn; the patient was treated with isoniazid for 13 days and pyrazinamide for 5 days, and administration of rifampin was continued. Splenectomy was recommended for definitive diagnosis. At laparotomy no lesions were noted on the surface of the liver, but a biopsy was performed, along with biopsy of a lymph node. The spleen was removed. Pathology. The spleen surface was covered with grayishwhite nodules that were 2-5 mm in size (figure 2). Histopathologic examination showed numerous necrotizing and caseating granulomas, which stained negative for acid-fast bacilli and did not produce a periodic acid-Schiff reaction; examination of a nearby abdominal lymph node and one of several small nodules obtained by liver biopsy revealed the same histopathologic characteristics.
Because similar nodules had been found in the spleen of a patient with AIDS-related complex and presumed bartonella Figure 2 . A photograph of the gross anatomy of the spleen shows heterogeneously sized white nodules.
infection [7] , the diagnosis of bartonella infection was considered. However, Warthin-Starry silver stains performed at the pathology department at Kaiser Permanente Medical Center and the department of dermatology at the University of California (San Francisco) did not initially reveal the presence of bacteria.
Microbiology. A special blood culture specimen was drawn with use of the Isostat Isolator tube (Wampole Laboratories, Cranbury, NJ). Cultures were negative, although antibiotic treatment had been discontinued several days before the culture specimens were drawn. Cultures of the spleen were negative for fungi, Brucella species, and acid-fast bacilli.
Serology and peR. A CF test for Brucella was negative splenectomy was sent to the CDC, where it was evaluated further. Bacterial DNA was extracted from the splenic tissue; the template DNA was amplified and then hybridized by dot blotting with use of primers and probes, as previously described by Anderson et al. (9) . The probes are specific for differentiation of B. quintana from B. henselae, and the species infecting this patient was determined to be B. henselae.
Treatment and outcome. Treatment with erythromycin for suspected bartonella infection was begun on day 22. The patient was unable to tolerate the drug because of gastrointestinal disturbance, and it was replaced with doxycycline (100 mg twice daily) and rifampin (600 mg daily) on day 27. The patient became afebrile the next day and was discharged 30 days after admission. Cultures for M. tuberculosis were negative.
The patient continued to do well after completing 4 months of treatment with oral doxycycline (100 mg b.i.d.) and rifampin (600 mg daily). A follow-up CT scan done on day 54,~1 month after splenectomy, showed resolution ofthe liver lesions. Eighteen months following completion of chemotherapy for breast cancer, no sign of recurrence of cancer was evident. The patient declined a sixth course of chemotherapy, and there was no evidence of bartonella infection during nearly 3 years of follow-up.
Discussion
Human bartonella infections have only recently been reported in the United States and were initially described as vascular proliferative lesions (now known as BA) in HIVinfected patients [10) . Other syndromes reported in the past several years that have been caused by Bartonella species include relapsing fever and bacteremia (in both immunocompromised and immunocompetent hosts [11, 12] ) and endocarditis [13, 14) . Recently, an infection first described many years ago, cat-scratch disease (CSD), has been attributed to B. henselae. This disease is usually self-limiting, develops as a complication of a cat scratch, and manifests as a local, necrotizing lymphadenitis in the immunocompetent host [15, 16] .
B. henselae has been cultured directly from specimens of vascular proliferative BA lesions [3] and necrotizing granulomatous CSD lymph nodes [16] . Thus, the histopathologic manifestations of infection with B. henselae can be strikingly different and are apparently related to the degree of immunocompromise in the host. Some patients whose immune systems are not severely compromised appear to have disseminated granulomatous lesions, constitutional symptoms, and a longer and more severe disease course than that of CSD. Our patient had disseminated B. henselae disease, but whether the severity of her illness was related to the chemotherapy for breast cancer is unknown.
Bartonella species-associated lesions ofthe liver and spleen can be categorized as one of two distinct types on the basis of histopathologic findings: vascular proliferative lesions or necrotizing granulomatous lesions. Vascular proliferative disease, or BP, differs histopathologically from BA and is characterized by multiple, cystic, blood-filled spaces in addition to foci of necrosis [17] . A fibromyxoid stroma is often present and contains clumps ofBartonella bacilli and a mixed inflammatory infiltrate [17] . As with BA lesions, BP lesions are more common in HIV-infected patients. The second type of hepatic pathological abnormality associated with bartonella infection resembles that found in the lymph nodes of patients with CSD: necrotizing granulomas with leukocytic infiltration, palisading histiocytes, giant cells, and sometimes stellate abscesses [18] . These histopathologic features are seen most commonly in immunocompetent hosts.
The hepatic and splenic lesions ofboth histopathologic types are often multiple and can appear as hypoechoic or low-attenuation lesions scattered throughout the hepatic or splenic parenchyma on ultrasonographic or CT scans [19] . However, numerous other infectious and noninfectious conditions in either immunocompetent or immunocompromised individuals may appear identical, including abscesses due to fungi, protozoa, and bacteria other than Bartonella species. In addition, the CT appearance ofcancers such as lymphoma and Kaposi's sarcoma can be indistinguishable from BP in HIV-infected patients. The diagnosis of bartonella infection must be established by one or more means: histopathologic examination ofbiopsy specimens, serological evaluation, microbiological culture, and/or use of PCR to detect Bartonella DNA in clinical specimens.
The most accessible diagnostic technique for a patient with multiple hypodense lesions of the liver is biopsy. The risk of hemorrhage from percutaneous liver biopsy for a patient with BP remains theoretical, but viewing the liver directly during biopsy may reduce this risk. The biopsied tissue should be examined with hematoxylin-eosin staining, which demonstrates either granulomatous hepatitis or peliosis hepatis. WarthinStarry staining reveals silver-staining bacilli in most cases of BP because the number of bacteria present in lesions is much greater in immunocompromised patients. However, in granulomatous hepatic lesions the bacilli are much more difficult to find, and in our case the difficulty in visualizing organisms may have been related to administration of antibiotic agents in the 2 weeks before splenectomy.
Serological tests based on immunofluorescence [8] or EIA [20] are now available. Testing of paired sera confirmed our patient's bartonella infection, but the Bartonella species that caused the infection could not be determined serologically; in fact, the titer of antibodies to B. quintana was higher than that to B. henselae, even though PCR showed B. henselae infection.
Culture of Bartonella organisms from tissue or blood is difficult but can be done with use of chocolate agar or heart infusion agar with 5% rabbit blood [3, 11] . Isolates can be identified by means of the Microscan Rapid Anaerobe panel (Baxter Diagnostics, Deerfield, IL), which will distinguish between B. henselae and B. quintana [21] .
Definitive identification of Bartonella species requires molecular characterization with citrate synthase PCR-restriction fragment length polymorphism analysis of isolates [22] or 16S rRNA gene amplification and sequencing [3, 23] . In a study described by Anderson et al. [9] , a PCR assay (utilized on our patient's tissue) using degenerate primers to allow amplification of a 414-bp fragment of DNA from B. henselae and B. quintana was developed. Internal oligonucleotides, used as hybridization probes, permitted rapid differentiation of the two species.
The source of bartonella infections has been intensively investigated recently. A large case-control study [24] of 48 patients (5 immunocompetent patients, 1 transplant recipient, and 42 HIV-infected patients) revealed that BA and BP were significantly linked to owning a cat or being bitten or scratched by a cat. Another study [25] showed a statistically significant association between CSD and owning a kitten or being scratched by a kitten. Further study [26] identified the domestic cat as a major reservoir of B. henselae infection: all seven cats of four patients with BA due to B. henselae had B. henselae bacteremia.
In addition, 41 % of pet cats and cats at animal shelters in the San Francisco Bay area whose blood specimens were cultured had B. henselae bacteremia. Viable B. henselae was isolated from fleas combed from one of the cats with bacteremia [26] , which indicates that fleas might serve as a vector of B. henselae. Our patient had B. henselae infection yet disliked cats and denied contact with them. Thus, the source of her infection remains unknown.
Bartonella infections in patients with BA or BP respond dramatically to treatment with erythromycin or doxycycline [2] . Treatment of bartonella infection in immunocompetent people with CSD and local lymphadenitis has not been studied systematically, and because this infection is self-limiting, treatment may not be warranted for such patients. However, treatment is appropriate for patients with severe, disseminated, granulomatous disease, and for adults it should include administration of erythromycin or doxycycline. Gentamicin or rifampin has also been used successfully to treat both BA and CSD [2, 15] , but neither is recommended as single-agent therapy for seriously ill patients [2] .
Our patient responded rapidly to treatment with doxycycline and rifampin, and the hepatic lesions and systemic symptoms resolved completely. For immunocompromised patients with disseminated disease, including BP, treatment should last at least 3 months; an adequate duration of treatment for immunocompetent patients is unknown, but treatment probably should last at least I month.
Review of Previous Cases
Twenty-two articles that described patients with presumed hepatic or splenic disease due to bartonella infection were reviewed [7, 17, 23, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] . These reports contained sufficient clinical data to confirm the diagnosis for 41 patients on the basis of at least three ofthe following 10 criteria: consistent radiographic evidence on CT scan films, ultrasonographic scan films, or both; compatible gross pathology of multiple nodules; compatible histologic findings of granulomas or BP, with or without necrosis; positive Warthin-Starry silver stains; positive PCR for Bartonella species; successful culture of B. henselae; serological increase in titers of antibody to Bartonella species; electron microscopic findings compatible with Bartonella species; positive CSD skin test results; em 1996;22 (June) (25 cases) . In addition, results were abnormal for liver-spleen scanning and CT scanning in 1 case, for a gallium study and ultrasonographic studies in another case, and for MRI and CT in a third case.
Including our case, gross pathological findings in 21 cases of granulomatous bartonella infection included the typical small, gray-white nodules or larger nodules. In cases of the peliotic form of infection, numerous cystic blood-filled spaces were evident. Histologic findings included granulomas (occasionally caseating) in 21 cases, 15 of which involved immunocompetent hosts; BP (vascular proliferative abnormalities) in 12 cases, all of which involved immunocompromised hosts (two had granulomas and BP); and inflammation, necrotizing lesions, or abscess in 6 cases. The affected organs were the liver and spleen in 22 cases, the liver only in 16, and the spleen only in 4.
Warthin-Starry silver stains were positive in 27 cases, and electron microscopy was positive in 13. PCR was positive in six cases, and cultures were positive for Bartonella species in one case. Serological studies were positive for Bartonella species in six cases. CSD skin tests were positive in 13 cases, but exposure to kittens or cats was reported in only 25 cases.
Summary
This report summarizes the case of a cancer patient with a severe febrile illness and visceral B. henselae disease and reviews the literature on hepatosplenic disease related to presumed bartonella infection. For our patient, the histopathologic appearance was that of necrotizing granulomatous disease of the spleen without angiomatous changes. Bartonella infection must be considered as a cause of fever in patients with cancer who are receiving chemotherapy as well as in patients who are immunocompromised because of HIV infection or organ transplantation.
